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Prepared by Dr. Alan DeForsst tJt'ilth January <5,  1954 
For pencbd 1/1/53 - £2/31/53 

Contract; Equipment loan only.  NONK 1313 (00) 
Contractor:  Trustee* oi Qoluabiu University, in the City oi 

Ne^ lovs 
^..nnvUil r..te. doei. not apply 

, Principal Investigator:     Dr    Gabriel C    Goam.j.n 
f   ~i C^2 (surgical Pathology,  uistoche.Ji&t.'i   r.eseureh) 

^"       associates: Er.  Ca.L    liassett  ( Ortnopeaie Sur^evy} 
Dv    DP,  Bicch (ftlstoche.»i£ try :>ese«.. rch) 
be    C    ftag&n  (medicins 
Dr    K.ari _leyer   (.aeaicme tJia Biochemistry 
Dr.   ti    Orossfeld   (.ledicme) 

Assistant. Miss i-riscilla Goettler, k.S. 

Projects  in -inch equipment  on lo..,.n i'rem 0 W. n. used, 

A   1. Title: btuuies on the regeneration of &tr*v.t«.d .skeletal 
muscle. 

2. Objectives. Studies are m.iao \ ith ^eisrencs to. 
a. conditions favoring i Destitution oi' experimentally 

injured muscle in ischaenia,  crush and thermal injury. 
b. cyto- and histochemistry of differentiation in 

muscle, correlating the presence and distribution oi nucleic ccids,, 
myohaeraoglobin, phosphatases, glycogen aim cart-in oxiciutive 
enzymes \ ith the progressive stages of sarcoblastic differentiation 

c modulation, rate of regenerative grov. fch, <.nd mofe of 
nuclear division of skeletal muscle in   tissue culture. 

B   1. Title: An evaluation of tissue culture as s method of bone 
graft procurement. 

2. Objectives: 
a. to determine the requirements for auiutcin^ncc of 

potentially osttogenic ceils of foetal endoataum in luxuriant 
prqliferation in vitro xor extended perioca ox tiae. 

b. to determine the efficiency of iroei:3-dried cncel- 
lous bone (non-viable) end •••lastic sponge (poly-vinyl) _s three 
dimensional sub&trates -or foetal -osteobiasts" 

c to determine the relative effectiveness of ireeze- 
dried cancellous bone and plastic sponge both infiltrated ,-ith 

homogenous foetal 'osteoblasts1 •>  «s in vxvo bone grait substitute. 

C   1. Title:  Correlated studies on the chemistry, grovth and 
metaholism of mesenchymal cells of the fibrous and osseous connec- 
tive tissue, and their products, in mess tissue culture. 

2. Objectives: 
a. to determine v.hat effects certain steroid hormones 

exert on fibroblastic growth in vitro. 
b. to determine % hich cell types zve  affected. 



c. to study some of the factors influencing the action 
of such hormones on ciils in culture. 

d. to determine v hether acid inucopolysaccharides (a.p.s.) 
are produced in vitro, ...nd if they are, ntfet kinas. «nc. hov auoh. 

e. to discover whet controllable factors (composition 
of medium, pH, oxygen tension plasma substrate etc.) affect the 
kinds and amounts of muco^-...., saccharides produced in culture. 

f. to study some relationships betveen m p s (matrix) 
and reticuium and collagen (fiber) formation in vitro. 

g. to investigate some of the cytocheuical character- 
istics of cells associated vith m p s and fiber formation in vitro. 

h. to gain information concerning intermediate stages 
of m p s formation, ana to stuay some oi.   the enayme systems con- 
cerned in the process 

Summary of results ana :;,1._ns 

Project L.   Isehaemia of the tibi;. iis antieus muscle of rabbits, 
produced following the metnod of Le Qros Cl-:.r<£ (1) re s found to 
result in an mf^rct vhic.d \a,s repairs-; by e-xLvtifeive new grovth 
of muscle.  Compared v.ith traumatic injuries, it \ as confirmed, 
as other cruthors had sug-:.ssteu, (2, 3,) that restitution of stria- 
ted skeletal muscle uepands upon the preservation of patent un- 
interrupted sarcolemmicenaomyscul guideplanes into '. Inch continuous 
s?rcobiastic slips c^m gro1 - ana upon the res toru t J.on of vascular 
competency, mature muscle, elthougfc considered a higlily s^eeicl- 
ir.ca tissue ty^e, VuS found to have a very greet potential for 
proliferation and growth, aodulation . no  redifierentiutlori, facts 
to vhich our experience vith .o.ult uiuclo in tissue culture (4) 
gives deiinita support. 

The mode and rate oi muscle growth iu vitro live been re- 
coraed, and correlated vith tne regenerative grov. th rhieh ensues 
after ischaemic and relatively mile, thermal injury to muscle in 
rabbits ana iv ts.  bc.rcoblu.stiC development end rrte of gi*o\ th in 
tissue culture vas found to be almost identical with trie earlier 
stages of regeneration in vivo.  The problem ox the origin of the 
free histiocytoid cells in the sarcolemmic tubes vnich lorm after 
severe muscle injury (5) (and ..iso the origin of so^.e of  the cellu- 
lar forms seen in supposedly mybgenic tutors) was elucidated vith 
the help of tissue culture of  mature muscle.  It v-as found that 
StircobldStic (regenerating :uscle) ribbons '.ere capable of buauing- 
off free motile mononucle^ te calls, ccxjaijie of .fiitotic division 
and phagocytosis, confirming by direct recorded observation earlier 
studies on foetal muscle in vitro (6)   The fate of these modula- 
ted elements ^nd  differentiation o* muscle in vitro viil be studied. 

Extensive anatomical &t;u i3i» cu~\<s   aeon conducted on the 
lesions produced by ligation of nutrient arteries oi a muscle, 
and on injuries consequent on application ox heat, <Sry ice ana on 
crushissg muscle.  The changes have been described, ana it na s been 
confirmed th...t tne fciolugicd potentiality )i  mature differentiated 
striated skeletal muscle to proliferate ,.iK. regenerate is ve~y 
grert.  The .uost importr.it i>inbie factor detarrmnmg the success 
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of the restitutive process is the integrity oi the sarcolemraal or 
endpmyse&l planes t. hich serve as frame worses.  Shoulu these be 
destroyed or collapse (<. s in crushing, severe turns) regeneration 
is abortive. 

The sarocbiasts ;.re being studied hibtochemicJLly to correlate 
the chemical <.>nd morphological images which appear in successive 
steps in differentiation  Preliminary studies indicate that the 
cytoplasm of the sarcoblast is rich in rUy. ribonueleotide and in 
phosphati..se prior to and during the first visible appearance of 
myofibrils and definitive positive birefringence. These substances 
diminish with differentiation, and are hardly apparent after cross- 
striations and acidophilia occur  Lower mieleotiaes are; augmented 
however, as the fiber matures. 

Future plans call for quantitative biochemical determinations 
of the rate of accumulation of nucleic acid in r3bener<. ting muscle, 
to be related to parallel histocnemical voric.  Identification 
(bio and hlstochetaicai) and localization of tlnols, glycogen, 
phosphatases and oxidative enzymes in regeneration will be under- 
taken. 

Intensive study has also been Auxe  of the amifcotic nuclear 
partition which is the rule in muscle.  Anatomic observations with 
periodic photography of living sarcobla&ts in culture are now being 
made. Miccospectrophotometric analyses to d^te nave indicated 
that in spite of rapid non-mito tic division, the daughter nuclei 
receive dipioid equivalents of D N A 

Project B.    The experimental methods:, have been biven in an 
application for a Grant In aia submitted by bv,   C.k.L Bassett, 
now pending in the O-N.ft For aetails reference shoulo be ir.c;de to 
this application. 

To uate, it has been verified by means of tissue culture 
that exposure of human cancel!ou^ bone to air for periods up to 
several hours, did not adversely influence its viability.  Frozen 
and dehydrated bone, however, showed no signs of viability. 

Cells derived from human enaostouH (c^ncellous bone) are being 
cultivated over a long term in preparation for obtaining a race 
of human ceils of osteogenic potentiality for mass culture.  This 
involves patient ^nd repeated subculturing 

The typos of cells present are being studied morphologically 
and histcchemically in an attempt to identify eiia differentiate 
the osteoblast, i e, that modulated form of mesenchymal cell 
capable of deposition of specific bone mi. trices. 

Project C.    a - c.  It is icnov.n that cortisone affects fibro- 
plasia in vivo (7), but the reports of its ciirect action on iibro- 
blasts in vivo have so ar been conflicting or inconclusive. 

It has been found that fibroblasts grovn in a medium of 
amniotic fluid .;aid plasma without the oustoaary enbryjnic extract 
(SE) provided the best means of measuring the effect of the steroid 
hormones on growth, V-ith water-soluble hydrocortiscne in concen- 
trations of <.00 meg/mi or grea:;er'j distinct inhibition of fibroblast 
growth was demonstrated.  Growth of epitnoiiun was not affected. 
I n the presence of EE, inhibition couln be shown only \ 1th higher 
concentretions of hydrocortisone, suggesting th>t ICE contains a 
principle antagonistic to the fibroblast-inhibiting effect of 
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hydrocortisane.    Cortisone acetab-j  in aqueous  suspension used 
in the same concent rut ion  caused only slight  inhibition oi  growth, 
while  hydrocortisone in suspension caused considerably greater 
inhibition of growth  than did  cortisone <^cet; te,   but tbout 
one-thirr1 as much inhibition as vate?  solution hydrocortisone. 
Desoxycorticosterone,   both in  suspension and solution \ as  found 
to be as potent an inhibitor of  fibroblastic  proliferation as 
soluble  hydrocortisone. 

In every c^se,   the  effect of  tne  steroid vas  reversible,   6>n« 
normal growth vas  rescueu after   the  ceils   .ere  restored  to a drug- 
free meuiua.    k profound direct effect of a  cortisone vas   thus 
unequivocally shorn in vivo 

d - h. In order  to gain    basic  information on 
the formation oithe matrices  of   connective   tissue and bone,   to 
serve  in an understanding  oi   their changes  in diae<^e,   injury and 
repair,   the activities of an isolated system composed" almost 
entirely of  the groving mesenchyaal  cells  of fibrous,   synovicl 
or endostaai  tissue affords an udv&ntsgeous  object of study. 
Cultures of sucn cells shoulc   be gro^n under  controllable condi- 
tions }  and uust  be  capable  01 yielding  several  hundred 2d,   of 
fluid medium and several grams  ol   ceils  to permit chemical analysis- 
Considerable effort" has beeri expended in the arrangement or facili- 
ties and invention of methoas adapted  to  the purposes described* 
Bacteriological culture dishes,   permitting  iiass  gro'th of  cells 
over large surfaces while alio1 ing :.:icrosco,..ic.ul observation of 
the outgro*. th have been devised after many experiments.    A method 
of mass  tissue  culture employing  ledi^ \ ho~e   ;^.se  is  amuiotic   fluid 
has been elaborated. 

Using  chicK heart and human  foetal sicin,   UJ.SS   tissue  cultures 
under  conditions of optin.1 grovth have been maintained  for 4-5 
veeks,  and submitted for chenic; 1 analysis.    V.'hiie  the cne.aical 
analytic  ••ork is  still  in its preliminary stages,   it aay be  stated 
that abundant mucin-ciots,   increasing  in ijuantity vith fchs age 
of the cultures,   have   u*en found  in  the supernatant material. 
These,  ana  the cellular co^jonents,   ;->"-e being  subjected   to analytic 
stuuy. 

Future  fl^ns  CL.11  .or-  implementation of   the  stated  objectives 
of this research.    Osmg  Siapiifiea .aedia cu   amriiotic  fluid «nd 
soiciil amounts  of embrjo extract or  its dialysate,   attempts  • ill 
be made to influence m p s  production by :-*a*;ins  availttie  carbo- 
hydrate moieties,   suiiateu touijounds,  or by  adding  drugs. 

ttistochemical v.ork shovs  th*t  tnara is   incense  intercellular 
metachromasia  in   th3   oul^ro'th  :.one   in cultures  of fibroblasts 
derivea from human sicin jju umbilical  cord-     The  histochemical 
characteristics of fibrobic&ti  engaged in m  p  s  production and 
their  relation  to  fiber  formation < ill  be  stuuieu alter   hiscochem- 
ical  identification ux   the aetaehrotaatic .material.     The  phenomenon 
of vital .aetachroivifasia seen in living  ceils  on   the uptdKe  of basic 
dyes  of  the  thiazine group (e.g     tolvliine blue)   is  also being 
studied. 
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Additional note:    Equipment presently m use in this labora- 
tory under an equipment-loan contract citn the Office of Naval 
Research, Vras onginaixy assembled under contract rl6 ORI-110 
TasK Order II vith the Office of Naval Research.  This property 
formed the bu.sic equipment of the Connective Tissue Laboratory 
of the Department oi Orthopedic Surgery, unaer the principal 
direction of Dr. SS. riudack. 

Subsequent to July 1951 tr.e Connective Tissue Laboratory ".as 
continued in the c'ru rge oi Dr. J,\.'. Elunt, Jr.  The w'aval property 
was retained unaer an equipment-lo^.n contract negotiated vith 
Dr. nlan DeForest Smith, Director of tne iJev.' i'orK. Orthopedic 
Hospital and the Orthopedic Surgery Department, under those egis 
the laboratory continued to function. 

In July 195^, on the advice oi a sueci^l committee oi the 
College of Physicians and Surgeons (including Drs R. Lattes, 
A.P. Stout_, A. DeF. Smith, ii    keyer, m. hurray, C. Pagan, and 
E. Sproul) the preexisting ''Connective Tissue Laboratory v.as 
reorganized to enlarge the scope of contemplated investigations. 

Some of the basic and necei.So.ry oerm-jnent equipment for the 
flistochemistry Laboratory, ao^   housed in Rooms k.16 to i.20 oi   the 
Institute of Cancer Research iii th& College ia loaned from the 
O.N.R. 

Operating exa-enaes are met gntireiy Xrcm g,r^nus otner th^n 
government sources Tne laboratory has hi.v.  no Q.N.rl. fcr„.nt 
during the oenod covered in this report. 

Attention is c.lso uTa»"n tu the report submitted by the 
staff oi this laboratory to tne 0 'A d    on Sept- ^'i,  1953 to cover 
the period up to Sept 15, 1953. 

Publications ,-.iu Reports 

1. Godman, G. and ^urray, A. A.,   Influence of colchicine on the 
form of SKeletal muscle fibers in tissue culture. P S.E-B.h. 
34:668,1954. 
2. Godman, G. Lecture'  ^nat.^ical lectors m oho regeneration of 
striated muscle. Hev York Ortnopeuic liospit^l^ June .--, 3953. 
3- Bloch, D.  Effect oi  colchicine on synthesis y£  DHA in tissue 
cultured rat fibrobl^sts  P.6-3.B .a. '6%. 34.1,1953 . 
4> Grossfeld, H.  « method of wasa tissue culture uiing bacterio- 
logical culture aishes.  In press, 
5. Grossfeld, H., cvA  Regan, C.  The action oi  covtisooe on 
cells in tissue culture.  I. Effect on cell grovth.  In preparation. 
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